A AB BS ST TR RA AC CT T O Ob bj je ec ct ti iv ve e: The purpose of this study is to evaluate the variations of pre-and post-treatment antioxidant status (TAS) and oxidant status (TOS) levels in scorpion envenomation, and of oxidative stress index (OSI) calculated with these levels. M Ma at te er ri ia al l a an nd d M Me et th ho od ds s: : Forty-four cases of scorpion envenomation who applied to Gaziantep University Medical Faculty Emergency Clinic between May 2009 and October 2010, and a control group of 20 volunteers, were enrolled to the study. Whole blood, biochemistry, coagulation parameters, and blood samples for toxin-antioxidant (TAS-TOS) study were obtained from patients (at the time of arrival and at the next control) and the control group. Erythrocyte packages were prepared for TAS-TOS study. Serum, plasma and erythrocyte packages were prepared for each patient at the first application and at the control after one month, and stored under -80o in the freezer. R Re es su ul lt ts s: : No correlation was observed between age and gender and the levels of TAS, TOS, or OSI. TAS, TOS, and OSI levels in the first application were higher than the control levels taken one month later. TAS, TOS, and OSI arrival levels were higher than healthy control group levels. In patients who received scorpion serum, both arrival and control levels of TAS, TOS, and OSI were higher than those of patients who did not receive scorpion serum. TAS, TOS, and OSI levels in patients who were stung at more then one site were higher. C Co on nc cl lu us si io on n: : Patients who received or did not receive scorpion antivenom were improved, and TAS, TOS, and OSI levels regressed. The significant increase in TOS and OSI levels in patients who received scorpion serum was not experienced in TAS levels. 
he scorpion is a invertebrate arthropod, and all types of scorpions are toxic. It is the hardest hunter to overwhelm among the animals that hunt at night. If the person stung is allergetic to this poison, a more dangerous conclusion is predicted. 1, 2 Scorpions with powerful poison live in the Middle East, North Africa, India, Mexico a an nd d L La at ti in n A Am me er ri ic ca a. The most lethal type known is the Buthidae family. 3 Annually over 100,000 cases of scorpion envenomation are recorded around the world, and about 800 deaths are reported, most of whom are children under six years of age. 4 The most lethal type of scorpion in Turkey and in the Gaziantep region in which we live is Leiurus quinquestriatus from the Buthidae family. 3 Excluding some transition metals (such as Fe 3+ , Cu 2+ , Mn 2+ and Mo 5+ ) atoms, atom groups, or molecules that include some unpaired electrons are defined as free radicals. 5 Free radicals, although they have a very short lifecycle, are highly destructive to organisms due to their high activity. As long as there is a balance between the rate of occurrence and rate of annihilation for free radicals, the organism is not affected. When this balance is ruined in favor of oxidants, free radicals interact with biomolecules such as carbohydrates, lipids, proteins, and DNA and cause structural and metabolic alterations in cells. This results in tissue damage in organs that mostly have vital significance, primarily including heart, kidneys, liver, stomach, lungs, and brain. [6] [7] [8] The sources that form free radicals are classified into two groups, namely endogens (mostly mitochondrial electron transport chains) and exogens (such as cigarettes, pesticides, solvents, petrochemical products, drugs, alcohol, solar rays, stress, X-ray, and heavy physical activity). 9, 10 Antioxidants are classified into enzymmatic (superoxide dismutase, catalase, glutathione peroxidase, glutathione-s-transferase, etc.) 11 and non-enzymmatic (ascorbic acid, α-tocopherol, carotenoids, melatonin, etc.). 7, 12 They impact by decreasing local oxygen concentration, preventing the initiation of lipid peroxidation by cleansing hydroxyl radicals, binding and deactivating transition metal ions, playing an active role in conversion of peroxides into non-radical products such as alcohol, and breaking the chain by reacting with all of the radicals that cause chain reactions. As a result, radical metabolite production is prevented, radicals produced are cleansed, cell damage is repaired, chain reactions that produce secondary radicals are stopped, and endogen antioxidant capacity is increased. 8 In this study, our aim was to investigate the variations in pre-and post-treatment antioxidant status (TAS) and oxidant status (TOS) levels in scorpion stings, and oxidative stress index (OSI) levels calculated with these levels. As far as we have determined from the literature, this study is the first and most comprehensive clinical study in this area..
MATERIAL AND METHODS
This study complies with the Declaration of Helsinki Decisions, the Regulation of Patient Rights and ethical rules, and is approved by Gaziantep University Medical Faculty Ethical Committee no. 06-2009/257, dated June 06/2009. Forty-four cases of scorpion sting that applied to our emergency department between May 2009 and October 2010, with no history of cardiac failure, renal failure, chronic obstructive lung disease, diabetes mellitus, malignancy, or drug use, and a control group of 20 volunteers under the same conditions were enrolled in the study. All patients in the study group and in the control group were informed about the study, and their consents were taken in reply of their signs. The study was carried out prospectively. Arterial tension, pulse measurements, area of envenomation, consciousness, symptoms and signs at the first application and at control one month later, were recorded for each patient. Urea, creatinine, aspartate aminotansferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase (LDH), creatine kinase (CK), MB fraction of creatine kinase (CKMB), electrolytes, white blood count, hemoglobin, platelets, coagulation parameters [activated partial thromboplastin time (aPTT), international normalized ratio (INR)], and also blood samples for toxin-antioxidant study, were taken from both patients and the control group. Two milliliter blood samples were taken into two Turkiye Klinikleri J Med Sci 2013;33 (4) Al ve ark.
Acil Tıp tubes, with heparin and without heparin, for the TAS-TOS study. Serum from the tube without heparin and plasma from the tube with heparin were resolved after the samples taken were centrifuged for five minutes at 5,000 cycles. Blood sample that remained in the tube with heparin was washed three times with 0.15 mL of 0.9% isotonic sodium chloride, and re-run at 10,000 cycles for 30 minutes. The plasma remaining in the tube was retaken and discarded. Thus, erythrocyte packages were formed. The same procedures were repeated on the patients one month later in the control. Serum, plasma, and erythrocyte packages were prepared for each patient at the first application and at the control after one month, and stored under -80 o in the freezer. To measure TOS levels of the samples, we used the colorimetric method that depends on cumulative oxidation of ferrous ion to ferric ions for the oxidant molecules that the samples included. 13 The measurement method of the total antioxidant status level of the samples is based on the proportional decolorization of antioxidant molecules of the colorful radicals with the total concentrations of molecules as a result of the reduction of colorful 3-ethylbenzothiazoline-6-sulphonic acid (ABTS) cationic radicals by all antioxidant molecules of the sample, using Trolox as a calibrator, which is the water soluble analogue of vitamin E. 13 The results are expressed as equivalent to mmol Trolox. Oxidative stress index of the samples is defined as the percentage of TOS levels to the ratio of TAS of the samples. Before calculating, we converted the mmol levels of the TAS test units into micromole units, as in the TOS test.
For statistical evaluation, we used SPSS for Win. Ver. 18.0 (SPSS Inc., Chicago, Illinois, USA). While as the data were normally distributed, the data were expressed as mean±standard deviation, as the data were not normally distributed the data were expressed as median (Min-Max). As the data were normally distributed and dependent, groups were compared using a paired-sample t test. As the data were not normally distributed and independent, groups were compared using a Mann-Whitney U test. As the data were not normally distributed and dependent, groups were compared using a Wilcoxon test. . When the data were not normally distributed and independent, Kruskal Wallis test was performed to evaluate the differences of TAS, TOS, OSI levels at the arrival on the sting region. The relationship between variables was analyzed using the Pearson Correlation Coefficient. In all comparisons, p<0.05 was considered statistically significant. .
RESULTS
Half of the 44 patients who applied for scorpion envenomation were male, and the average age was 45.22±17.99. Of patients, 40.9% (n=18) were stung by a single scorpion on the upper extremity, 31.8% (n=14) were stung on the lower extremity. Twelve people were stung by multiple scorpions in multiple regions. Of patients, 59.1% (n=26) applied directly to the emergency department of Gaziantep University, 40.9% (n=18) were referred from other centers. All patients were conscious on arrival. Blood was taken from 68.2% (n=30) of the patients within the first four hours, from 31.8% patients within the second four hours, and so on. Twenty six patients received scorpion serum therapy, while 18 patients were followed without any scorpion serum. Of patients, 43.18% of the patients did not develop any symptoms; 22.72% had nausea-vomitingdizziness, 11.36% had nausea-vomiting-dizzinesschest pain, 9.09% had nausea, 9.09% had vomiting, 2.2% had dizziness, and 2.2% had abdominal pain. 72.72% of the patients, 22.72% had severe pain and numbness in the extremity, and 4.5% had edema and severe pain in the extremity. All patients were followed in the emergency monitoring room. Grade 1 patients received analgesia and main support (0.9% isotonic), grade 2 patients received scorpion serum in addition to these therapies. None of our patients required intensive care.
We studied TAS/TOS counts from blood samples taken from the patients, and calculated OSI for each patient. There was no correlation between age and TAS, TOS, or OSI levels (p>0.05 for all). The difference in mean arrival TAS, TOS, and OSI levels for male and females were not statistically significant (p>0.05) ( Table 1) . TAS, TOS, and OSI levels in the first application were higher than the control levels that were detected one month later (p<0.05) ( Table 2) . TAS, TOS, and OSI arrival levels were higher than healthy control group levels and this difference was also statistically significant (p<0.05) ( Table 3) .
Early or late blood draws in scorpion envenomation did not significantly impact TAS, TOS and OSI levels (p>0.05) ( Table 4) .
Both arrival and control TOS levels and OSI arrival levels in patients who received scorpion serum were higher than that of patients that did not receive scorpion serum ( Table 5 ).
The cardiac parameters, whole blood, and biochemical and coagulation levels of enrolled patients were compared, whereas glucose, urea, AST, ALT, CK, MB, platelet count, and aPTT levels recorded at arrival were significantly higher than the levels taken at the control (p<0.05), the increases in other levels were not significant (p>0.05) ( Table 6 ). Although fasting and postprandial status of patients was not considered during blood draws, either at arrival or when they were called for control, control glucose mean level was lower than arrival mean level (Table 6 ). When TAS, TOS, and OSI results were compared according to sting regions for scorpion envenomation, TOS and OSI arrival levels were higher in patients who applied with more than one envenomation, and this result was statistically significant (p<0.05) ( Table 7) . When TAS, TOS, and OSI arrival levels in patients with (n=19) electrocardiogram (ECG) modification (such as PR distance, UQTc, QTd, QpTc, Pmin) and in patients without ECG modification (n=25) were compared, no statistically significance difference was observed.
DISCUSSION
Scorpion venoms consist of a complex of several toxins that exhibit a wide range of biological properties and actions, as well as chemical compositions, toxicity, and pharmacokinetic and pharmacodynamic characteristics. These venoms are associated with high morbidity and mortality, especially among children. 14, 15 Victims of envenoming by scorpions s suffer a variety of pathologies, involving mainly both sympathetic and parasympathetic stimulation as well as central manifestations such as irritability, hyperthermia, vomiting, profuse salivation, tremor, and convulsion. 16 The clinical signs and symptoms observed in humans and experimental animals are related to an excessive systemic host inflammatory response to stings. 16 Under normal conditions, host cells are protected from the toxic effects of reactive oxygen species by enzymatic and non-enzymatic antioxidants. The marked increase in reactive oxygen species production during pathologic conditions, such as during acute and chronic inflammation, can overwhelm the body's defense mechanisms and lead to oxidative cell and tissue injury. 17 The term "oxidative stress" is adopted to describe any condition that results in an accumulation of free radicals that are deactivated by molecules known as antioxidants. 18 In our study, all patients who applied for medical treatment due to scorpion stings were conscious at arrival. Of patients, 43.18% did not develop any symptoms, the remaining developed some or all of the following symptoms, nausea, vomiting, dizziness, chest pain, and abdominal pain. The most frequent sign was pain and paralysis. Major systemic findings such as severe cardiac signs and lung edema did not occur, and none of our patients required intensive care. In a 120-case prospective study performed by Al et al, 19 the most prevalent sign was localized pain, and patients did not develop severe systemic effects. This result was similar to the results of our study. Bouaziz et al in grade 1 scorpion stinging region, grade 2 systemic signs, cardiac findings or convulsion including grade 3 cardiogenic shock, pulmonary edema, or severe neurologic findings including coma. Although grade 3 signs did not occur in our study, 26 patients were evaluated as grade 2, and 18 patients as grade 1. The maximum follow-up period in emergency was calculated as 48 hours. Twenty-six of the patients received scorpion serum, 18 did not receive scorpion serum. Only symptomatic treatment was sufficient in patients who did not receive scorpion serum. In our study, no severe conditions such as lethal arrhythmia, cardiogenic shock, tamponade, or lung edema were observed.
In our study, no significant correlation was found between blood TAS-TOS-OSI levels of patients with or without ECG alteration (p>0.05 for all). This suggests that there is no significant correlation between the toxic effect of the scorpion poison and antioxidant, oxidant, or oxidative stress. In a compilation by Petricevich, 16 a study was mentioned regarding the structure of poisons obtained from various types of scorpions and the regions they affected in the body. According to this, alpha and beta toxins that affect sodium channels cause extension of the potential of action in nerves and muscles, and the presence of negative membrane potential. The same article suggested that potassium channel toxins varies according to type, and voltage-dependent potassium channels play a role in immune response, and cause T cell proliferation and IL-2 production. In addition, the article states that the blockage of potassium channels that are activated by calcium causes relative hyperkalemia and catecholamine release. It is observed that, in rats following scorpion envenoming, different proinflammatory and inflammatory cytokine releases occurs depending on the type, and as the severity of these symptoms increases so does the amount and variance of these cytokines. 21 The experimental studies emphasize that, in scorpion envenoming, immune response is initiated by nitric oxide (NO) and complement system. 22 NO, which is a free radical, is a crucial vasodilator and neurotransmitter. Insulin resistance plays a role in many serious effects, including septic shock and hypertension. According to another experimental study on rats stung by Tityus types, oxidant and antioxidant levels are not only related to membrane lipids, cellular proteins, nucleic acid function and integrity, but also cause signal production and gene expression in immune cells; whereas complement activation is directly related to tissue damage. 23 It is observed that, with the increase of LDH, AST, ALT, CK, CKMB, glucose 6 phosphate dehydrogenase rises in cardiac and liver effects. 24, 25 Excessive release of catecholamines was detected in some animal models to increase glucagon, cortizol, thyroid hormone, and insulin secretion, and all of these increments cause hyperglycemia. 26 Another result of this study 26 is that insulin, which is an hormone with pleotropic effect, plays a remedial role in cardiovascular, hemodynamic, and neurologic symptoms. In other animal model studies, cytokines also had hyperglycemic effects. 27 In our study, when glucose, urea, AST, ALT, CK, CK MB, platelet Al ve ark. Acil Tıp count, aPTT levels of patients' arrival whole blood, biochemistry, and coagulation parameters were compared to the control levels obtained one month later, they were significantly higher. Although fasting and postprandial status were not considered while taking blood, the mean arrival glucose level was significantly higher than the mean control glucose level. No increase or decrease occurred in the sodium and potassium levels of the patients.
According to the results of an animal experiment study by Dousset et al, 28 free radicals occur in scorpion poison toxicity, antioxidant substances are injected to rats concomitantly with venom, and toxicity does not decrease in repeated experimental envenoming. Only N-acetylcysteine (NAC) decreased venom toxicity. In our study, we observed that arrival TAS, TOS, and OSI levels were higher than control levels taken one month later. This result reveals that scorpion poison-dependent toxicity is present, and this cannot be efficiently taken under control by the body's own antioxidant system, which supports the study by Dousset et al. 28 New studies are required on strengthening the body's defense mechanism by administering antioxidants (such as NAC) against toxicity that occurs due to scorpion envenoming. TAS, TOS, and OSI levels of our patients were statistically higher than the levels of the healthy control group. If more clinically severe cases (grade 3) had occurred, then we suppose these results would be different. The statistically high levels of arrival TAS, TOS, and OSI compared to the control levels taken one month later reveal that the antioxidant system of the body easily and quickly tolerates toxicity due to grade 1 and 2 scorpion stinging. High levels of TAS taken following four hours, although statistically insignificant, suggest that antioxidant system activity is not sufficient. TOS and OSI arrival levels in patients who receive scorpion serum are significantly higher. However, the increase in TAS levels is not significant. This result reveals that scorpion serum does not effectively activate the antioxidant system and that, moreover, it may have an oxidative effect. As envenomation region and number of scorpions that sting increases, so does the response of the oxidant-antioxidant system.
LIMITATIONS OF THIS STUDY
The number of patients in our study is small. The absence of clinically grade 3 patients caused inability to evaluate TAS, TOS, and OSI levels in this patient group. In addition, the influence of scorpion serum on the oxidant-antioxidant system in grade 3 patients could not be investigated. It is a significant limitation that the scorpion antivenom we use is not specific to particular scorpions. TAS, TOS, and OSI levels a short time later than scorpion antivenom administration (24-48 hours) are unknown. Thus, the short-term effect of treatment with antioxidants in this study is unknown, and this should be investigated in further studies.
In conclusion, as we know, this is the first clinical study performed on a patient group regarding the comparison of TAS, TOS, and OSI levels. There is no correlation between age and gender in terms of TAS, TOS, and OSI levels in scorpion envenoming (p>0.05 for all). Patients who received or did not receive scorpion serum were improved and TAS, TOS, and OSI levels regressed. The significant increase in TOS and OSI levels in patients who received scorpion serum was not experienced in TAS levels. This suggests that scorpion antivenom may also be an oxidant, and its role in treatment is not effective. The effect, advantage, or harm of scorpion antivenom used in existing scorpion envenoming is disputable according to the results of our study. This study should be repeated with an antivenom exclusively against the poisons of scorpions living in the Southeastern Anatolian Region. When we consider cardiac parameters, there is no significant relation between cardiac influence and TAS, TOS, and OSI levels, and the cardiac effect of scorpion poison is not related to toxins.
